There is currently much interest in the mechanism fibroblast-like chondrocytes (Fell, Welland, Barratt, responsible for the breakdown of articular cartilage in Poole, and Green, unpublished results). rheumatoid and osteoarthritis and other joint
.
IMMUNOHISTOCHEMISTRY
Rabbit IgG was localized by means of the immunofluorescent antibody technique described by Poole and others (1973) .
Results

HISTOLOGY
Effects ofenzymic digestion: uncultured explants Sections of undigested, freshly isolated articular cartilage were stained by toluidine blue which gave a metachromatic colouration of the cartilage matrix ( Fig. la) . Often the intensity of metachromasia decreased progressively towards the articular surface, which in some explants was unstained.
After trypsinization metachromasia completely disappeared from the matrix (Fig. lb) , except at the centres of some large explants. The cartilage retained its shape and resilience and the chondrocytes appeared to be unaffected by this treatment.
Undigested explants cultured in NRS or AS + C' No changes in either the matrix or chondrocytes were observed in undigested explants cultured for up to 10 days in either NRS or AS + C' (cf. Fell and Barratt, 1973) .
Digested explants cultured in NRS or AS + C' 20% NRS The explants rapidly recovered in NRS. After 2 days clearly defined metachromatic capsules of new matrix had been formed round single or clustered chondrocytes in the deeper parts of the explants and near the cut surfaces (Fig. 2a) . The encapsulated cells had enlarged, particularly at the cut edges of the cartilage; this enlargement extended up to the articular surface where normally cells are much smaller. Staining with haematoxylin and chromotrope revealed that their cytoplasm was more vacuolated and granular than that ofchondrocytes in similar sites in uncultured trypsinized explants. After 4 days the processes of encapsulation and hypertrophy had spread to the more superficial cells (Fig.  ld) but seldom reached the articular surface. Deeply placed chondrocytes had continued to enlarge and the pericellular capsules had become thicker and developed a pattern of concentrically arranged fibrils. Miltoses, rarely seen in normal cartilage in culture, were frequently observed in digested explants at both 2 and 4 days (Fig. 2a) , and by 10 days the cell density had increased significantly.
After 10 days of culture, diffuse metachromasia had reappeared throughout the matrix (Figs le, 2c) , the intensity of the stain increasing with the distance from the articular surface. In some areas the deeply stained capsules were still distinguishable from the diffuse metachromasia of the intercapsular matrix (Fig. 2c) In the interior of the explants, however, the cells not only survived in the presence of AS + C', but within 2 days had enclosed themselves in metachromatic capsules like those formed in the trypsinized controls cultured in NRS (Fig. lc) . These capsules were particularly well defined after 10 days close to the cut edge of the explant (Fig. 2b) . By this time, metachromasia was considerably restored throughout the explant in the peripheral necrotic zone (Figs lf, 2b) .
This result suggested that the pericellular capsules protected the cells against further exposure to AS + C'. To investigate this possibility, experiments were made in which digested cartilage was cultured for 2 days in 20% NRS to permit capsule formation and then for 2 days in 10 % AS + 10 % C'; there was no necrosis in such explants and the cellular changes and regeneration of metachromatically stained matrix followed the same course as in trypsinized controls cultured in 20 % NRS for 4 days.
The results of these histological studies are summarized in Table I. LOCALIZATION OF RABBIT IgG IN CULTURED EXPLANTS Explants which had not been exposed to rabbit serum did not exhibit any green fluorescent staining for IgG. The matrix of freshly isolated articular cartilage exhibited a yellowish-brown autofluorescence which was lost on culture. Undigested explants cultured in 20 % NRS or 1 -10 % AS+ 10%C' Up to 10 days, staining for IgG in both groups was limited to the surfaces of the explants and to those cells at or near the surface (Fig. 3a, b) as observed previously (Poole and others 1973 appeared throughout the matrix though it seemed to be excluded from the pericellular capsules surrounding viable chondrocytes (Figs 4, 9a) . Staining of cytoplasmic vacuoles was also commonly observed in many cells scattered throughout these explants (Fig. 8) . After 10 days there was much less extracellular staining for IgG within the explants and that which remained was weak and diffuse; some cells also stained weakly (Fig. 5a, b) .
AS + C' Explants cultivated in AS + C' presented a very different picture. After 4 days in 10% AS + C', intense particulate and diffuse staining for IgG appeared throughout the cartilage matrix except in the newly formed pericellular capsules mentioned above. All the chondrocytes had reacted, but fluorescence was confined to the cell surface and the outer margins of the capsules (Fig. 9b, c) : the intracellular staining seen in the trypsinized controls cultured in NRS was not observed. The cells at or near the articular surface were much less intensely stained for IgG than those more deeply situated, but the matrix surrounding them reacted strongly, particularly on the side of the cell nearest the articular surface (Fig. 7) . Necrotic cells close to the articular and cut surfaces had a bizarre morphology and stained intensely for IgG. After 10 days in AS + C' (Fig. 6a, b) staining both of the matrix and at the cell surfaces was reduced, but it was more intense than in the trypsinized controls cultured in NRS for the same period; only the dead cells retained their brilliant fluorescence unaltered (Fig. 6b) . When trypsinized explants were cultured in either 1 % or 2-5% AS + 10%C', staining of the matrix for IgG at 4 and 10 days was intermediate in intensity between that seen after cultivation in 10 % AS + C' and in NRS. Staining of the cell surface was not detected, but IgG was present in cytoplasmic vacuoles at 4 but not at 10 days. Pericellular staining at the edges of capsules was more frequently observed in 2-5%thanin 1%AS+C'.
The apparent absence of staining for IgG in the newly formed pericellular capsules suggested that they might be impermeable to antibody IgG; if so, they could have a protective action on the chondrocytes. This was investigated by culturing trypsindepleted explants for 2 days in 20% NRS to permit capsule formation, before exposure to 10 % AS + 10 %C' for a further 2 days. After this treatment staining at the cell surface was absent or reduced as compared with explants cultured in 10% AS + 10 %C' throughout this 4-day period, though the outer edges of the capsules were again clearly stained (Fig. 9d) . A little intracellular IgG was also detected in cytoplasmic vacuoles of cells initially cultured in 20 % NRS.
The results of these immunofluorescence studies are summarized in Table II .
Discussion
Earlier work (Fell and Barratt, 1973) showed that articular cartilage from young pigs, when devoid of soft connective tissue, was virtually unaffected by cultivation in medium containing AS + C'. Immunohistochemical studies (Poole and others, 1973) showed that antibodies failed to penetrate the intact matrix and reacted only with the superficial cells of such explants. When, however, the cartilage was cultured with soft connective tissue, such as synovium or invading marrow, the matrix was degraded and IgG antibody then penetrated throughout the explant and reacted with the chondrocytes, killing a small proportion of them when complement was present.
Although in the present experiments trypsin- of the explant, however, though the cells reacted with antibody, they not only survived but rapidly regenerated pericellular, metachromatic capsules which arrested the spread of IgG and thus protected the enclosed cells from AS + C'.
Why the peripheral cells of the trypsinized cartilage behaved differently from those in the interior is not entirely clear, since all reacted with IgG. It is probable, however, that tryptic digestion was less advanced and the matrix correspondingly less permeable in the interior than near the surface, so that antibodies and complement did not reach such a high concentration in the inner region. In particular, IgM, which is cytolytic at much lower concentrations than IgG (Humphrey and Dourmashkin, 1969) , might have been unable to penetrate beyond the peripheral zone owing to its large molecular size (molecular weight about 850,000 against about 160,000 for IgG). This hypothesis might explain why the synthetic capacity of the inner cells was sufficient to enable them rapidly to secrete a protective barrier around themselves and thus escape further exposure to AS + C'. Where the lethal action of AS + C' was concerned there seemed little doubt that the amount of antibody present was the limiting factor, since it was shown that with a constant level of I group.bmj.com on July 7, 2017 -Published by http://ard.bmj.com/ Downloaded from Pig articular cartilage in organ culture 507 (Jackson, 1970) or papain (Bosmann, 1968) increases the rate of synthesis of this component in organ culture. It is possible that a similar accelerated synthesis was induced by trypsinization in the present experiments. An increased rate of synthesis of glycosaminoglycans and proteoglycans has also been reported in partially degraded osteoarthritic cartilage in man (Mankin, 1973 The histological changes produced in the explants of articular cartilage from young pigs after pretreatment with trypsin in some respects resemble those seen in osteoarthritis. Thus, the 'clustering' of chondrocytes associated with much mitotic activity and enlargement of the cells, and the formation of pericellular, metachromatic capsules that appear in trypsinized cartilage cultured in either NRS or AS + C' have been described in partially degraded articular cartilage in osteoarthritis (Weiss and Mirow, 1972; Weiss, 1973) . These similarities suggest that the changes characteristic of the articular cartilage in osteoarthritis may be due to a depletion of the matrix by the extracellular activity of an enzyme or enzymes, followed by attempts at recovery. It is interesting that by intra-articular injection of the protease papain, Bentley (1971) produced an arthritis in rabbits in which the changes in the cartilage were very similar to those seen in osteoarthritis.
Summary
Experiments were made to study the changes produced in pig articular cartilage by depletion of the matrix with trypsin followed by cultivation in medium containing complement-sufficient rabbit antiserum group.bmj.com on July 7, 2017 -Published by http://ard.bmj.com/ Downloaded from (AS + C') to pig erythrocytes. Trypsin removed proteoglycan from the cartilage matrix which then became permeable to IgG antibodies. The antibodies reacted with the surfaces of the chondrocytes throughout the explant; the peripheral cells were killed except at the articular surface but those in the interior survived, though their endocytotic activity was inhibited. Many of these surviving cells rapidly enlarged, underwent mitosis, and in 2 days had formed pericellular capsules of new matrix which largely excluded antibody and protected them from the cytolytic effects of the antiserum. This depletion of cartilage matrix by a single pretreatment with trypsin did not promote the breakdown of matrix in response to AS + C' as did the slow but continuous influence of associated soft connective tissue which eventually caused a gross disintegration of the cartilage matrix (Fell and Barratt, 1973) .
